The planned introduction of a prescription heroin program in Germany created a need for differentiation between nonprescription and prescribed diamorphine use. The following substances were chosen as markers of non-prescription heroin: acetylcodeine (AC); its metabolites codeine (C) and codeine 6-glucuronide (C6G); papaverine (P); and noscapine (N). Typical heroin markers diamorphine (DAM) and its metabolites monoacetylmorphine (MAM) and morphine (M) were also determined. The drugs were extracted from urine samples with solid-phase extraction (C18) using standard 200-rag columns and 96-well microplates (100 mg). The extracts were examined with liquid chromatography-atmospheric pressure chemical ionization mass spectrometry (positive ionization) in two isocratic systems. Selected ion monitoring procedures were applied for protonated molecular masses and characteristic fragments of drugs involved. The limits of detection were in the range of 0.5-1 ng/mL urine. The occurrence of selected heroin markers was investigated in 25 urine samples collected from heroin abusers (road traffic offenders and overdosed patients). C6G was found in all samples, C in 24 samples, N in 22 samples, MAM in 16 samples, P in 14 samples, DAM in 12 samples, and AC in 4 samples. The appearance of these compounds in urine reflects their pharmacokinetic properties and the composition of non-prescription heroin.
Introduction
A heroin prescription program for addicts, already in existence in Switzerland and Great Britain, is about to be introduced in Germany. One of the basic requirements is that heroin addicts participating in this program not use any illicit drugs, particularly non-prescription heroin. This created a need for analytical differentiation between non-prescription and prescribed diamorphine use on the basis of urine examination.
To present a rationale behind the chosen analytical approach, the methods of illegal heroin production should be briefly reviewed. Most of the clandestine methods of heroin production incorporate opium as a starting material. Morphine present in opium is subsequently isolated, purified, and acetylated to heroin. The composition of alkaloids in the seeds of Papaver sornniferum and in opium is variable and depends on various factors such as climatic conditions, harvesting time, soil composition, and special plant breeding (1) (2) (3) . Besides morphine, other alkaloids, such as papaverine, noscapine, or codeine, are co-extracted together with morphine and therefore reflect both the primary composition of opium and the method of extraction used. The methods of heroin production were experimentally examined by Huizer (4) , who compared two main procedures used for illicit isolation of morphine from opium: the lime method (used in Southeast Asia) and the ammonia method (West Asian method). Both methods showed similar yield for morphine, codeine, and thebaine, but the content of papaverine and particularly of noscapine was strikingly higher in the ammonia extracts. Huizer (4) found 14.99% of noscapine and 1.33% of papaverine (median values) in 513 non-prescription heroin samples seized in the Netherlands and analyzed in the period 1994-1999. (5) . Also, Gough (6) observed that the Pakistani Type 1/Iranian heroin contained approximately 10% noscapine and approximately 2% papaverine, and in Chinese, Indian, Pakistani Type 2, and Turkish heroin only traces of these alkaloids were present. In the second step of non-prescription heroin production, morphine and other alkaloids isolated from opium (mainly codeine) are subjected to acetylation and purification. Acetylcodeine content in non-prescription heroin, irrespective of production method, ranged from 2 to 7% (4-6). Acetylcodeine showed similar acute toxicity to diamor-phine and similar antinociceptive activity to codeine. Administration of acetylcodeine together with diamorphine increased the toxicity of diamorphine (7) . Differences in the composition of alkaloids have been used for batch identification of non-prescription heroin samples, as well as for monitoring of the sources of heroin (8) (9) (10) (11) . Kaa (8) observed that the Southwest Asian type of heroin, which contains high concentrations of noscapine, predominated from the mid-1980s in Denmark. A similar observation has been made in France (9) . Recently, heroin samples with noscapine content of up to 61% were seized in Slovenia. Moreover, some heroin-free samples consisting of noscapine (88%) and papaverine (6%) were identified. It was concluded that noscapine might be used as an adulterant of illegal heroin (12) .
On the basis of existing data, the substances, which are excreted with urine and may serve as prospective markers of heroin use, may be divided into two groups: general markers of heroin use, diacetylmorphine (DAM) and 6-acetylmorphine (6-AM), and specific markers of non-prescription heroin, acetylcodeine (AC), noscapine (N), and papaverine (P).
O'Neal and Poklis (13) developed a gas chromatography-mass spectrometry (GC-MS) method for detection of AC in urine of heroin abusers. The drug was found in 6 of 69 morphine-positive urine samples in concentrations ranging from 1 to 48 mg/L. 6-AM was detected in 13 samples in concentration from 106 to 1470 IJg/L. AC was stable in acidic urine samples but disappeared during 3 weeks in alkaline conditions. In a second study by the same authors (14) , AC was detected in 37 out of 100 morphine-positive (> 5 mg/L) urine specimens. 6-AM was found in these 37 samples and in 36 additional urine samples. When detected, the AC concentrations ranged from 12 to 4600 lag/L and were 0.25% to 10.2% of 6-AM concentrations. Codeine (possible metabolite of AC) was found in all specimens in concentrations higher than 6-AM. Very recently, Staub et al. (15) detected AC in 85.9% and 6-AM in 94.4% of 74 urine samples obtained from illegal heroin consumers. The detection window of AC in urine was measured in 4 volunteers receiving heroin containing 3-9% of AC. Peak level of AC in urine occurred within 1-4 h after injection, and the drug remained detectable in urine for 8 _+ 4 h. McLachlan-Troup et al. (16, 17) analyzed 1125 urine samples taken from presumed heroin users, among them 122 urine samples collected from patients receiving prescribed diamorphine. Morphine and 6-AM were determined as heroin metabolites and codeine, papaverine, noscapine, thebaine, and meconine (noscapine metabolite) as non-prescription heroin markers. GC-MS (electron impact) was applied. Among 422 morphine-positive urine specimens, 6-AM was detected in 96, codeine in 186, and meconine in 13 samples. Thebaine, papaverine, and noscapine were not detected in any sample. However, thebaine and noscapine remained undetected also in standard samples. Some unknown peaks (postulated papaverine metabolites) were observed.
The studies mentioned here showed that AC, which may be regarded as a specific marker of non-prescription heroin, is rapidly converted to codeine and its detectability in urine is limited. On the other hand, the applicability of P and N as markers left still some room for uncertainty because of the limited efficiency of GC-MS method used. Cone et al. (18) analyzed urine of "opium eaters" with GC-MS (chemical ionization) and detected morphine, normorphine, codeine, norcodeine, and noscapine. Thebaine and papaverine were not detected.
The objective of the study was to elaborate a method for differentiation between prescribed and non-prescription diamorphine use among heroin addicts. This was done on the basis of liquid chromatography-mass spectrometry (LC-MS) examination of urine elimination profile of selected metabolites, regarded as specific for illegal heroin. Beside substances indicating heroin use, like diamorphine itself and its primary metabolite monoacetylmorphine, the following substances were selected as markers of non-prescription heroin: papaverine, noscapine, and acetylcodeine and its metabolites codeine and codeine-6-glucuronide (C6G). High-pressure liquid chromatography coupled with atmospheric pressure chemical ionization mass spectrometry (LC-APCI-MS) was chosen as the detection method because of its obvious superiority over GC-MS for determination of opiates in biological material. The processing procedure should also ensure a high throughput because of the expected large number of samples. This was done through application of 96-well SPE-microplates for isolation.
Experimental Materials
Validation and calibration samples. Validation of DAM, AC, N, and P was performed on drug4ree urine samples spiked with these drugs at concentrations of 0.5, 1.0, 5.0, 50, and 500 lJg/L. Heroin-d9 (Radian-Promochem) was used as internal standard (IS) in concentration of 50 pg/L. Three series of duplicate measurements were done on different days. The validation of 6-AM, C, and C6G was performed during the previous studies (19, 20) .
Forensic samples. Twenty-five morphine-positive urine samples collected from suspected heroin abusers (road traffic offenders and overdosed patients treated at University Hospital in Aachen) were examined. All these samples were checked for the presence morphine and its glucuronides using LC-MS method (19) . As calibration standards for all measurements drug-free urine samples were spiked with C, C6G, 6-AM, DAM, AC, P, and N to the concentrations of 5, 50, and 250 IJg/L each. Two IS were used for quantitative determinations: codeine-d6 (RadianPromochem) for C, C6G, and 6-AM and heroin-d9 for DAM, AC, N, and P. The concentration of both IS was 501Jg/L.
Isolation
Drugs were extracted from urine samples using solid-phase extraction (SPE) procedure, developed previously and applied already for all basic drugs, particularly for opiates (19) (20) (21) (22) . In the pilot phase four types of SPE materials (all C18) were used for extraction of codeine-d6 and heroin-d9 from urine: standard Bond Elut C-18, 200 mg cartridges from Varian; 96-well microplates (Chromabond Multi 96 C-18, 100 rag), from Macherey-Nagel; 96-well microplates (Versaplate Bond Elut C-18, 100 rag) from Varian; and 96-well microplates (Versaplate Bond Elut HF, 50 mg) from Varian.
In the final phase, only Versaplate Bond Elut C-18 mi-croplates were applied for isolation of all compounds. One milliliter of urine was used for extraction, and 10 IJL of reconstituted extract (total volume 200 lJL) was injected into the LC-MS. 
LC-MS
The drugs were separated on Superspher RP18 column (125 x 3 mm) from E. Merck (Darmstadt, Germany) in two isocratic mobile phases: acetonitrile/ammonium formate buffer (0.05raM, pH 3.0) (10:90) at a flow rate of 0.4 mL/min for C, C6G, and 6-AM and acetonitrile/ammonium formate buffer (0.05raM, pH 3.0) (30:70) at a flow rate of 0.4 mL/min for DAM, AC, P, and N.
For metabolite search, a gradient elution was applied in the mixture of acetonitrile and ammonium formate buffer in the following profile: 10% acetonitrile to 30% acetonitrile in 5 min, 7 min at 30% acetonitrile.
LC-APCI-MS SSQ 7000 Finnigan MAT (ThermoQuest Corp., San Jose, CA) instrument was used in positive ionization mode. At first, pure solutions of drugs were individually injected into the LC-MS and analyzed in full-scan mode at increasing octapole offset voltage in order to optimize the in-source fragmentation energy and to choose appropriate ions for SIMmeasurements.
Apart of SIM, several noscapine-and papaverine-positive urine extracts were analyzed in full-scan mode in the range m/z 100 to 600 in order to identify possible metabolites of these compounds. Figure 1 shows mass spectra of DAM, AC, P, and N taken at octapole offset voltage of 20 V. This value was selected for selected ion monitoring (SIM) measurements because it ensures two characteristic ions for each drug. The ions selected for SIM are shown in Table I . Table Ill) containing C, C6G, and 6-AM. Table III) containing AC, DAM, P, and N.
Results

LC-MS
DAM and AC share the same ion (m/z 342), which occurs as quasi molecular ion of AC and fragment ion of DAM. These drugs were not separated on the column under the conditions used. Therefore, the molecular ion m/z 370 was selected for DAM and fragment ion m/z 282 for AC for identification of compounds. The ion m/z 342 may be regarded as molecular ion of AC only in the absence of the ion m/z 370.
Solid-phase extraction
During the pilot experiments with four extraction columns the recovery of codeine-d6 and heroin-d9 from urine was measured at concentrations of 50 mg/L. The recovery of both drugs on Versaplate Bond Elut C-18, on Chromabond Multi 96 C-18 100-mg, and on standard Bond Elut C-18 200-mg cartridges was in the range of 89-95%. The recovery of codeine-d6 and heroind9 on Versaplate Bond Elut HF 50-mg cartridge was 66% and 45%, respectively. The microplate Versaplate C-18 100-rag cartridge from Varian was chosen for further experiments because of greater flexibility; the construction of this plate makes possible the inclusion any number of SPE cartridges (up to 96). The plate is made of a transparent material that facilitates the control of sample flow. Table II shows the results of the validation experiments for DAM, AC, P, and N. The limit of detection, defined as a signal- 
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Journal of Analytical Toxicology, Vol. 25, September 2001 to-noise ratio of greater than 3, appeared adequate for screening for heroin markers. The response/ration of all analytes was linear over the whole concentration range tested. Figures 2 and 3 show the chromatograms of blank urine extract as well as separation of DAM, AC, P, and N in urine spiked at a concentration of 50 IJg/L of each drug.
Forensic samples
During this study, 25 morphine-positive urine samples were checked for heroin markers. The frequency of positive results was as follows: C6G in 25 cases, C in 24 cases, N in 22 cases, 6-AM in 16 cases, P in 14 cases, diamorphine in 12 cases, and AC in 3 cases.
Typical chromatograms of two sets of heroin markers are depicted in Figure 4 (C, C6G, and 6-AM) and Figure 5 (AC, DAM, P, and N). Table III shows the results of quantitative determination of heroin markers in examined urine samples.
It is known that all substances regarded as heroin markers are extensively metabolized in human body. Noscapine may be demethylated or hydroxylated and subsequently coupled with glucuronic acid. Meconine, cotarnine, and narcotoline (Odesmethylnoscapine) were identified as main metabolites (23) (24) (25) (26) . However, because of a relatively long half-life of 4.5 h, noscapine may be excreted unchanged with urine. Papaverine has a half-life of 0.8-1.5 h and is metabolized mainly to 6-OHpapaverine and to four other hydroxy-metabolites. All these compounds may be glucuronated (27) . On the base of these data in five urine extracts containing P (> 5 1Jg/L) and N (> 100 lJg/L) the search for postulated metabolites was done, using full-scan runs in the range m/z 100-600. The expected molecular masses (M+H) were as follows: m/z 194 for meconine, m/z 238 for cotarnine, m/z 400 for desmethyl-N and m/z 576 for its glucuronide, m/z 326 for hydroxy-P, and 502 for hydroxy-Pglucuronide. In all these extracts peaks at m/z 326, 400, and 576 were observed, which may correspond to postulated metabolites of P and N ( Figure 6 ). It should be stressed, however, that the reference standards of metabolites were not available for this study. The peaks with mass-to-charge values corresponding to glucuronides were not detected.
In available literature, no data concerning half-life of acetylcodeine were found. However, detection window of this substance after heroin intake is narrow, what may suggest faster elimination than for other markers, particularly noscapine. This may explain why AC was detected only in 3 out of 25 cases, whereas its hypothetical metabolite codeine and C6G were detected in 24 and 25 cases, respectively. It must be also added that the limit of detection for AC in LC-APCI-MS was 2 IJg/L in comparison with 1 tJg/L reported for the GC-MS method by Staub et al. (15) . This may contribute to the lower detectability of AC in our study.
The analytical findings in the urine samples are in agreement with data concerning composition of non-prescription heroin occurring on the European market as well as pharmacokinetic data of noscapine and papaverine. It must be kept in mind that among the substances tested, only acetylcodeine may be regarded as specific marker of non-prescription heroin. All other compounds: noscapine, papaverine, codeine, and C6G may appear in urine after ingestion of other source of opium al- kaloids (e.g., poppy seeds or poppy cake) (3, (28) (29) (30) (31) (32) (33) (34) (35) (36) . Therefore, the participants of the heroin program should be warned not to consume any foods containing poppy seeds.
Conclusions
The results of the study show that the elimination profile of heroin metabolites and associated compounds in urine reflects the composition of non-prescription heroin and pharmacokinetic properties of eliminated drugs. Therefore, noscapine, which occurs in relatively high concentration in SouthwestAsian heroin, present on European market and has the longest half-life, was the most prevalent opiate alkaloid, which may be regarded as non-prescription heroin marker. Papaverine was found in lower concentrations and less frequently, which corresponds to the concentration of papaverine in non-prescription heroin and to its faster metabolism.
The usefulness of acetylcodeine determination as non-prescription heroin marker in urine is of limited value because of the rapid conversion of this substance to codeine and C6G. Acetylcodeine metabolites, codeine and C6G, were found in each urine sample and may be regarded as indirect markers of non-prescription heroin.
It must be kept in mind that, among the substances tested, only acetylcodeine may be regarded as specific marker of nonprescription heroin. All other compounds tested may appear in urine after ingestion of other source of opium alkaloids. The participants of the heroin program should be warned to not consume any poppy-seed-containing food.
